ABSTRACT
Introduction
Governments and policy agencies attempt to assess consequences of new policies before their introduction. The European Commission has formalized this through a mandatory ex-ante impact assessment of its new agricultural and environmental policies (EC, 2005) . Science can contribute to these governmental demands for impact assessment by developing tools that can, in a transparent, rigorous and repeatable fashion, make impact assessments of agricultural and environmental policies better informed. Bioeconomic farm models have been proposed for such ex-ante assessments (Flichman and Jacquet, 2003; Janssen and Van Ittersum, 2007 ) and many recent applications (Donaldson et al., 1995; Flichman, 1996; Judez et al., 2001; Berentsen, 2003; Veysset et al., 2005; Onate et al., 2006; Riesgo and Gomez-Limon, 2006; Semaan et al., 2007) assess the impaets of policy changes on economie, environmental and social indicators of agricultural systems. If a bio-economic farm model is to be used as a basis for such exante assessments of agricultural and environmental policies at European level, some requirements must be fulfilled, i.e. it must be possible to upseale the model's results (e.g. product supply) to higher system levéis (e.g. country or market); data with respect to farm types, their locations and production activities must be readily available throughout various regions; the model must be applicable to different farm types including mixed farm types; the application and calibration of the model should not require many ad hoc steps or unjustified strict calibration constraints, and finally it must be possible to assess many different policy instruments. In short, it must be possible to use and apply trie same bio-economic farm model in a consistent way across trie European Union (EU).
A literature review showed that a generic model meeting the above requirements does not exist . Some models focus on simulating specific farm types without providing much opportunities to expand their application beyond the original target domain (e.g. Donaldson et al., 1995; Veysset et al., 2005) , while other models require extensive data collection limiting a rapid operationalization (e.g. Riesgo and Gomez-Limon, 2006) . Various model applications address very specific EU policy issues and do not allow the assessment of a range of interrelated policy questions that EU decision-makers face (Topp and Mitchell, 2003; Onate et al., 2006) .
Each of these models (Donaldson et al., 1995; Topp and Mitchell, 2003; Veysset et al., 2005; Riesgo and Gomez-Limon, 2006) has strengths that made them suitable to be used for specific data-sets and applications. In trying to extend their use to other policies questions and locations, this specificity causes problems. With the limitations of existing approaches in mind, this article has the following two objectives. The first objective is to present the Farm System SIMulator (FSSIM) which aims to be a generic bioeconomic farm model that can be applied in combination with higher level models to assess, ex-ante, a variety of policy questions under different bio-physical and socio-economic conditions. The second objective is to demónstrate the applicability of the model as a stand alone tool to assess farm level impact of future policy scenarios for different farm types in different regions. FSSIM has been developed as part of the integrated modelling framework of the System for Environmental and Agricultural Modelling: Linking European Science and Society (SEAMLESS) (Van Ittersum et al., 2008) which targets to integrated assessment of agricultural systems in the EU of 27 member states (EU27). This implies that FSSIM can be and has been linked to other models for multi-scale analyses .
In Section 2, the SEAMLESS context and the requirements for a model like FSSIM are presented to justify the modelling choices. In Section 3, FSSIM is described. In Section 4, the model is used to simúlate arable and dairy farms of Flevoland (The Netherlands) and Midi-Pyrenees (France). In Section 5, the results of the application of FSSIM are described. Section 6 discusses the results and concludes.
Model requirements following from the SEAMLESS Integrated Framework
The main objective of the SEAMLESS Integrated Framework (SEAMLESS-IF) is to enable ex-ante evaluation of a broad range of agricultural and environmental policies at múltiple decisión making levéis. This framework consists of models which opérate in an iterative way (Fig. 1) . First, the Common Agricultural Policy Regionalized Impact modelling system (CAPRI) which is an EU agricultural sector model (Britz et al., 2007) is used to estímate a set of initial prices for the agricultural producís of all EU27 regions. Second, FSSIM uses the estimated prices and calculates supply re- sponses of farms to price shocks in a selection of EU 27 regions. Third, EXPAMOD ) is used to extrapólate results of the sample regions to all EU27 regions by means of econometric approaches. Next, CAPRI is recalibrated with the new supply responses coming from EXPAMOD to genérate a set of market clearing prices that are used by FSSIM for the final run.
Modelling all individual farms within EU27 is not possible because of the large number of farms and the existing variation and diversification among farming systems. Therefore, a farm typology was developed associating economic and environmental characteristics of EU farms. This farm typology is based on the existing EU farm typology (EEC, 1985) which classifies farms according to their income and specialization. This farm typology has been enriched with environmental criteria related to the land use and intensity of farming (Andersen et al., 2007) .
A spatial allocation procedure was developed to geo-reference farm types allowing the aggregation of model results at farm type level to both natural (territorial) and administrative regional level (Elbersen et al., 2006; Hazeu et al., 2010) . FSSIM is used to simúlate an "average farm" which is a virtual (not observed in reality) farm derived by averaging data from the Farm Accountancy Data Network (FADN) of farms that are grouped in the same farm type. It is assumed that the "average farm" represents all farms that belong to the same farm type. Structural changes in the sector are related to interactions between farms (land market) and alternative income sources and can only be taken into account by using another model (Zimmermann et al., 2009 ) of SEAMLESS-IF. However, policy makers can compare the gross margin of an average farm calculated by FSSIM with the estimated income from non-farming activities to draw conclusions on the viability of the particular average farm.
The general context of SEAMLESS and the variety of policy questions that FSSIM should be able to address leads to a number of model requirements. First, FSSIM must be integrated with the other models of SEAMLESS-IF. The integration with components at field and market level must be streamlined in terms of methodology (e.g. temporal and spatial scales), concepts and scenarios being used and software. Second, the conceptual design of FSSIM should be "generic" so that the model can be easily modified and used for assessing different policies under various socio-economic and bio-physical conditions (e.g. different farm types and different regions). Third, production activities and available technology must be described in an explicit and transparent way to improve the explanatory power of the model. Fourth, the data needs of FSSIM should be preferably limited to those data available at EU27 level minimizing the resource demanding process of data collection. The model must be robust enough to function with data like those from FADN. Moreover, the model should be capable to exploit more detailed data that is not currently available but might become available in the future. Finally, FSSIM should be easily adaptable and re-usable (modularity). This will allow model users to easily change it to account for different regions, farming systems, and policies.
Model description

Model specification
FSSIM is an optimization model which maximizes a farm's total gross margin subject to a set of resource and policy constraints. Total gross margin is defined as total revenues including sales from agricultural producís and compensatory payments (subsidies) minus total variable costs from crop and animal production. Total variable costs include costs of fertilizers, costs of irrigation water, costs of crop protection, costs of seeds and plant material, costs of animal feed and costs of hired labour. A quadratic objective function is used to account for increasing variable costs per unit of production because of inadequate machinery and management capacity and decreasing yields due to land heterogeneity (Howitt, 1995) . The general mathematical formulation of FSSIM is presented below:
where Z is the total gross margin, w is the n x 1 vector of the parameters of the linear part of the activities' gross margin, Q.is the n x n matrix of the parameters of the quadratic part of the activities' gross margin, x is a n x 1 vector of the simulated levéis of the agricultural activities, A is a m x n matrix of technical coefficients, and b is a mxl vector of available resources and upper bounds to the policy constraints.
A different model formulation has already been implemented and can be used if detailed agro-management information is available or if it is important to account for the risk averse attitude of the farmer explicitly. In this model formulation the farmer's utility is maximized. Utility is defined as gross margin minus risk. For this specification a linear gross margin function is assumed.
where <p is the risk aversión parameter that assumes constant absolute risk aversión (Hazell and Norton, 1986) and a is the standard deviation of the total gross margin. FSSIM consists of four major components, i.e. arable production, livestock production, policies and regulations and the calibration and forecasting component which are described below.
Arable production
In FSSIM, arable agricultural activities are defined as crop rotations grown under specific soil and climate conditions and under well-defined management describing major field operations in detail. It is assumed that in each year, all crops of a rotation are grown on equal shares of the land. A model solution can include several crop rotations. The concept of crop rotations allows to account for temporal interactions between crops. The agricultural management of arable activities describes operations associated with fertilization, soil preparation, sowing, harvesting, irrigation and pest management of crops and results in different inputs and outputs.
FSSIM uses information available in FADN. This data source lacks detail in agro-management information which is needed to assess the environmental aspects of production. Therefore, a simple survey was performed within SEAMLESS to identify and quantify current production activities (Borkowski et al., 2007; Zander et al., 2010) . For operational purposes and due to resource limitations the survey was conducted for a sample of 16 NUTS2 regions from the EU27 (NUTS: Nomenclature of Territorial Units for Statistics). Experts from the sampled regions were asked to specify the most important rotations and related management which are currently used by arable farms in their región. In total 87 rotations of 21 different crops were identified in the sampled regions.
The agricultural management component of FSSIM (FSSIM-AM) and the Agricultural Production Externalities Simulator (APES) (Janssen et al., 2009b) can be used to quantify externalities of current activities (e.g. N-leaching) and complete sets of discrete input and outputs coefficients (e.g. costs, labour requirements, input of agrochemicals, yields, externalities) for alternative activities which have improved performance in one or more criteria. Alternative arable activities may include new crops and rotations, changes in crop management or their combination resulting in activities with different technical coefficients. Alternative activities are used to account for technological innovations in agriculture (e.g. new varieties, modern agricultural practices) and effects of future changes to bio-physical and climatic conditions (e.g. effects of climate change or soil degradation to production).
Arable farmers face a number of resource scarcities that affect their decisión making. These resource scarcities have been taken into account in FSSIM by means of constraints. The available arable land constraint is specified per soil type and ensures that the sum of the área of the activities on a certain soil does not exceed the available farm land for this soil type. The available land is derived from FADN and henee imposed exogenously. Selling or buying of land is not considered in FSSIM. However, pre-determined scenarios with more (in case of buying) or less (in case of selling) available land can be tested. The available irrigated land constraint ensures that the área with irrigated activities does not exceed the available irrigable land. The available amount of irrigation water constraint ensures that the total volume of water required for the irrigated activities does not exceed the available water volume. Finally, the labour constraint is used to calcúlate the number of hours of hired labour, given the labour requirements of different activities and the availability of family labour. Hired labour is considered as an additional cost, the price of which is equal to the average region-specific wage rate. Allocation of family labour to off-farm activities is not considered in FSSIM. Scenarios can be used to assess consequences of allocating family labour to off-farm activities by changing the availability of family labour for agricultural activities.
Livestock production
Three different animal activities are modelled in FSSIM, i.e. dairy, beef, and small ruminants (sheep and goats). The core element of a dairy activity is a productive cow, a bull and their off-springs. A replacement rate is based on the actual milk production per cow and sets the share of young animáis in a dairy activity i.e. calves and heifers. For example, a typical dairy activity in Flevoland may consist of 60.5% cows, 17.5% heifers, 20.8% calves and 1.2% bulls. Increasing the activity level by 1 unit will cause an increase in the number of all animáis so that the share of animáis in the activity remains constant. Feed requirements of different animal types and decisions on the length of the grazing period are also taken into account in a dairy activity. The feed requirements of the herd in terms of fibre, energy and protein are covered by roughage produced onfarm (fresh, hay or silage), purchased roughage (hay or silage), concentrates produced on-farm or purchased concentrates. Feed crops like grass and fodder maize are grown either in a rotation with other crops or as mono-crop activities. The quantities of on-farm produced and purchased feed depend mainly on prices of crop product (including feed) and input prices. Beef activities are modelled in a similar way. Two distinct methods of raising animáis for beef production are available i.e. a suckler system comprising a cow and its offsprings, and a fattening system, which merely fattens purchased young animáis till the moment of selling. The small ruminant activities for meat and milk production are modelled in a way similar to dairy and beef activities. The milk and meat production is used to determine an appropriate replacement rate and the feed requirements of different animáis (Thorne et al., 2009) .
FADN data are used to identify the predominant livestock activities across the regions of EU, and to derive related animal shares, production levéis and replacement rates. The SEAMLESS survey (Borkowski et al., 2007) and a feed evaluation and animal nutrition system proposed byjarrige (1989) were used to quantify the technical coefficients of animal activities like yields, total production costs, costs of feed, feed nutrient valúes and feed requirements (Thorne et al., 2009) .
A number of constraints were used to model the on-farm availability of resources, the feed production and the animal's diet. Constraints relating feed availability to feed requirements are used to secure that the total requirements of energy, protein and fibre are met by the produced (on-farm) and purchased quantities of feed and concentrates. Another constraint (máximum amount of concentrates) is used to set an upper bound to the share of concentrates in the animal's diet to prevent animal diseases related to high amounts of concéntrate. The available amount of roughage constraint restricts the grazing period to a region-specific máxi-mum. Finally, the milk quota constraint restricts the produced quantity of milk to the available milk quota. Any milk production exceeding the milk quota is penalized. This constraint is the main limiting factor for a dairy farm and for that reason it is mentioned here as a resource constraint.
Policies and regulations
FSSIM is able to simúlate a broad range of agricultural and environmental policy instruments, some of which have been already implemented in practice while others might be of interest to policy makers in the future. These policies are modelled as additional constraints and variables in a generic way to account easily for various producís or region-specific policy implementation. The policy instruments which are currently modelled in FSSIM can be classified in a number of groups.
The first group of policies modelled in FSSIM includes the EU compensation payments which are taken into account as part of revenues in the objective function of the model. Existing compensation payments related to rain-fed and irrigated land, historical yield but also the degree of the payments that is linked to production (coupling) are taken into account in order to calcúlate the total amount of received payments according to the existing regime. (CEC, 2003; OECD, 2004) . The first CAP reform of 1992 (CEC, 1991) and the market liberalization led to a reduction of product prices. Therefore, a regime of direct payments was developed to compénsate farm income within the general context of the Agenda 2000. These direct payments were given to the highly affected arable and livestock sectors of the EU and they were linked either to production or to the área of different crops. The direct payments are financed by the EU and administered by the ministry or department of agriculture of each member state. Modelling the regional specific implementation of the Agenda 2000 requires two pieces of information: the way the payment was given (i.e. per activity level, per unit of main output) and the amount of the payment (basic premium) per hectare, slaughtered animal or tonne of product. The CAP reform of 2003 replaces the Agenda 2000 regime and involves mainly the partial (or total for some crops) decoupling of subsidies from production. To calcúlate subsidies under the CAP reform of 2003 in FSSIM, the subsidies received under the Agenda 2000 were (partially or totally) detached from production. To achieve this, the new coupling degree of each product was used. The decoupled part of the payment is based on the historical reference land and the total amount of subsidies received over the years [2000] [2001] [2002] . The coupled and the decoupled payment of each activity were used to calcúlate the total received subsidies per hectare of activity under the CAP reform of 2003.
The second group of policy instruments that has been modelled in FSSIM relates to quota based policies which are currently used in many EU countries to regúlate the price and supply of certain producís like milk and sugar beet. This kind of regulation was also used under Agenda 2000. In FSSIM quota based policies are taken into account with additional constraints. The part of production that exceeds the pre-determined quotas gets a lower price according to the specificities of the regulation. The same structure of the constraint set is used for all producís that are currently under a quota regulation (or might be in the future).
Another policy that has been included in FSSIM is the obligatory set-aside policy which was introduced by the EU in 1988 (i) to reduce the large and costly cereal surpluses produced under the guaranteed price system of the CAP reform of 1992 and (ii) to provide environmental benefits following considerable damage to agro-ecosystems and nature as a result of the intensification of agriculture. Although the implementation of the set-aside policy differs across the EU, in general, the measure entails the obligation to leave a proportion of the farm land uncultivated or assigned to non-food purposes for a certain period in exchange for subsidy payments. The obligatory set-aside policy is taken into account in FSSIM by setting a lower bound to the área which is left as setaside and by adding an extra source of revenues in the objective function for each hectare of set-aside. If the área of set-aside is less than 10% of the área of Cereals, Oil seed and Protein (COP) crops a subsidy cut is assumed.
The last group of policies modelled in FSSIM is related to the environmental conditions and cross-compliance regulations which aim at sustaining various agro-environmental conditions that must be respected to avoid reduced farm support payment under the CAP reform of 2003. Cross-compliance regulations must be in line with a number of well-defined standards determined at EU level and cover environmental, food safety, crop protection, animal health and animal welfare issues. Cross-compliance regulations are taken into account mainly by additional constraints while in some cases binary variables are needed transforming the model into a Mixed Integer Non-Linear Programming (MINLP) model.
In addition to the above described policy instruments, a number of environmental indicators (e.g. total nitrogen use, water use, pesticide use), indicators related to biodiversity and multi-functionality (e.g. number of crop species on the farm), and socio-economic indicators (e.g. labour use per hour) are assessed. Those indicators can be easily used to evalúate future environmental policies.
Calibration and forecasting
A Positive Mathematical Programming (PMP) based approach is used to calíbrate the model and guarantee exact reproduction of the observed (base year) situation without using additional calibration constraints which are difficult to justify in a way consistent with existing economic theory (Heckelei, 2003) . PMP is a generic and fully automated procedure which means that it can be easily adapted and used for different regions and farm types without additional site specific information.
In PMP calibrated models, the observed activity levéis of farm types are used to calcúlate unobserved non-linear costs which are omitted from the linear cost function of LP models because of data limitations and simplification purposes. Non-linear costs are related to issues like managerial capacity, fixed costs (e.g. machinery, buildings) and risk. PMP uses a two step approach. In the first step, a number of calibration constraints are added to the model, to ensure that the observed activity levéis of the base year are reproduced. In the second step, the calibration constraints are taken out and their shadow prices are used to specify and include the nonlinear costs in the objective function. Since the first introduction of PMP to bio-economic modelling by Howitt (1995) a number of PMP variants have been developed based on different assumptions resulting in different model forecasts (Heckelei and Wolff, 2003; Rohm and Dabbert, 2003; Kanellopoulos et al., 2010) . The appropriateness of PMP variants is case specific and depends on the available data and policy question. In FSSIM a number of PMP variants are programmed providing users with various options.
A different calibration procedure is used for the model presented in (2) where the risk aversión coefficient is the only unknown parameter. The risk aversión parameter is estimated in an iterative process that involves múltiple model runs. In each model run a different valué of the risk aversión coefficient is used; the valué of the risk aversión coefficient that gives the best fit in terms of crop allocation is selected for simulations. In this case, exact calibration is not guaranteed.
After the model has been calibrated it can be used for forecasting. Inflation of input and output prices is considered, while exogenous to the model information on yield and price trends are used to account for possible technological innovations and price-supply fluctuations.
To facilítate the analysis of policy scenarios, FSSIM is set-up in such a way that policy makers and model users can easily access and adapt the constraint set and the parameters of the model. New policy scenarios can be incorporated into the model by: (i) varying the available farm resources, (ii) changing the input and output coefficients for activities, (iii) abolishing base year policies, and (iv) including new policies, constraints and parameters. A set of general policies has been pre-programmed and is ready to use after having provided the required data. Fig. 2 shows a simple presentation of the model set-up for a simulation of an arable farm in year 2003, where gross margin is maximized (risk aversión is not taken into account) subject to a number of resource and policy constraints. This presentation reveáis the general structure of the model and summarizes the required information that is stored in an integrated datábase developed within SEAMLESS (Janssen et al., 2009a 
Set-up of the calculations
Here, we present the application of FSSIM to arable and dairy farm types in Flevoland (The Netherlands) and Midi-Pyrenees (France). The bio-physical (climate and soil types) and socio-economic (different size, intensity and specialization of arable and livestock farms) conditions of these two regions differ substantially. We have chosen these regions to ¡Ilústrate the applicability of the model under different bio-physical and socio-economic conditions and demónstrate the generic features of the model enabling the simulation of other farm types within the EU. For this exercise, we did not use a bio-physical model to estímate externalities because of data limitations and simplification purposes. Instead, we used total nitrogen input and total irrigation water input as environmental indicators. The model specification with a non-linear total gross margin function, described in (1), was selected for this exercise because exact calibration is guaranteed. This model specification is used for higher level analysis where data is limited and calibration only on the risk aversión parameter is not adequate to reproduce what is observed in reality. FSSIM was calibrated for the base year (2003) with the PMP variant proposed by Kanellopoulos et al. (2010) , using activity specific supply elasticities from the literature (Jansson, 2007) . For this exercise we used exogenous base year prices and consequently we did not use the full procedure described in Fig. 1 .
We use the four digits codes of the SEAMLESS farm typology to distinguish between the different farm types. The first digit of the farm type code refers to the farm size: (3) Large farms, i.e. size > 40 European Size Units (ESU), (2) Médium farms (16 ESU sg size sg 40 ESU), (1) small farms (size < 16 ESU). The second digit refers to farm intensity: (3) High intensity (output > 3000 €/ha), (2) Médium intensity (500 €/ha se output se 3000 €/ha), (1) Low intensity (output < 500 €/ha). The two last digits refer to farm specialization: (08) dairy cattle/others, (07) dairy cattle/land independent, (06) dairy cattle/temporary grass, (05) dairy cattle/permanent grassland, (04) arable/other, (03) arable specialized crops, (02) arable/fallow, and (01) arable/cereal. The set of constraints, used for the base year (2003) to simúlate arable farm types consists of the resource constraints (available land, available irrigated land and labour) and policies (sugar beet quota regime and the obligatory set-aside). For dairy farms the constraints relate to the feed availability, the máxi-mum amount of concentrates in animáis' diet, and the grazing period were added. The data requirements for the base year simulations include the available farm resources (i.e. available farm land characterized by soil and climatic conditions, available irrigated land and available family labour) the inputs and outputs of current activities, the observed cropping patterns, the herd composition (Tables 1 and  2 ), the economic data (i.e. variable costs of inputs, output prices and wages) and the policy data (i.e. compensation payments under Agenda 2000, quotas for sugar beet and milk production).
The calibrated model is used to predict changes in total gross margin, agricultural supply and environmental indicators as a consequence of the implementation of the 2003 CAP reform in a context of market liberalization. The time horizon of the simulation is the year 2013 and takes into account (i) new exogenous prices generated by the CAPRI agricultural sector model (Britz et al., 2007) under the market liberalization scenario, (ii) abolishment of the existing quota for sugar beet and milk, (iii) abolishment of the obligatory set-aside policy, and (iv) new subsidies calculated under the CAP reform of 2003.
The data used for policy scenarios are yields and price trends for year 2013 as calculated by CAPRI (Britz et al., 2007) in a market liberalization scenario. The market liberalization scenario in CAPRI assumes abolishing the export tariffs. It should be noted that this market liberalization scenario within CAPRI does not include abolishment of quota or of the obligatory set-aside policy. Input and Tables 3 and 4 , respectively. The weights are determined from the share of activities observed in each farm type and the share of farm types in the regions. Based on this information, in Flevoland the expected gross margins of silage maize, onions and soft wheat are projected to increase in 2013 while the expected gross margins of potatoes and sugar beet are projected to decrease substantially. With the CAP reform of 2003 silage maize receives a larger subsidy than other crops. The main reason for this is that most of the silage maize área is at dairy farms which receive a larger subsidy per ha because of the decoupled animal production. Grass producís are assumed to be non-tradable producís and thus have no price in the model. The expected gross margin decrease of grass is due to increasing costs because of inflation. The large decrease in the price of milk is associated with the market liberalization scenario and it is the reason for the lower expected gross margin per herd unit. In Midi-Pyrenees, the expected gross margins of most crops increase due to higher prices and subsidies. An exception is durum wheat for which the subsidy decreases by almost 67% resulting in a substantial decrease of expected gross margin. Inflation of the costs is the main reason for the lower expected gross margin of grass while the lower subsidy for set-aside is the main reason for lower expected gross margin of the fallow activity. Similar to Flevoland the average expected gross margin of a herd unit is reduced due to projected lower milk price.
Three model runs were designed to analyse the effects of the different changes during the period 2003-2013 (see Table 5 ). In the first model run (price-yield change) we included only price and yield changes and inflated input prices for year 2013, assuming market liberalization. In the second model run (set-aside & quota abolishment) we added the abolishment of the obligatory set-aside policy and the quota regimes for both sugar beet and milk. output prices are inflated with a constant inflation rate (1.9%) in both regions for a period of 10 years. Historical yields, subsidy levéis (as those determined in the CAP reform of 2003) and regionspecific decoupling of subsidies from production, were also considered.
Weighted average economic and policy data (prices, yields subsidies, costs and gross margins) for the base year and the 2003 CAP 
Results
In this section weighted average results of different farm types in the two regions are presented; the weights are determined from the relative share (based on number of farms represented) of the farm types in the región, i.e. first, the average farm of each farm type is simulated and then the results were used to calcúlate weighted average valúes of arable and dairy farms in each región. The regional average simulated crop levéis, the regional average economic results and the calculation of the regional average nitrogen use of arable farms in Flevoland are presented in Fig. 3 . Because of the PMP calibration, the simulated crop levéis for the base year are exactly the same as the actual levéis observed in FADN (Table 1 ). In the price-yield change model run, the gross margin increase of maize silage, onions and wheat causes a substantial increase in the áreas of these crops in arable farming. The gross margin decrease of potatoes and sugar beet causes a decrease in the área of these crops. The decrease of the área of sugar beet is also because of the yield trend (8% increase). Less área of sugar beet are needed to produce the same quota. The average total gross margin of arable farms decreases with more than 28%. The shift of crop production from spring soft wheat to winter soft wheat is the main reason for the increase of the total nitrogen use per ha in all farm types of Flevoland.
In the set-aside & quota abolishment model run for arable farms, the abolishment of the sugar beet quota system and the obligatory set-aside policy, are the reasons for the increase of the área of sugar beet and the decrease of the área of set-aside (compared to the simulated levéis of these activities in the price-yield change model run). Putting the set-aside área in production causes an increase of the average total gross margin of arable farms. The total nitrogen use increased in all farm types because of the decrease of the área of set-aside and the increase of the área of the more nitrogen demanding winter soft wheat.
In the CAP 2003 model run, overall effects on crop allocation are very modest compared to the set-aside & quota abolishment, model run and the associated effect on the total gross margin negligible.
The regional average weighted results of the simulated dairy farms in Flevoland are presented in Fig. 4 . The produced feed reported in Fig. 4 corresponds to on-farm feed production that is used on-farm excluding sold quantities of on-farm produced feed. Similar to the base year simulation of the arable farms and because of the PMP calibration, the observed activity levéis of crops and animáis of the dairy farms are reproduced exactly. In the priceyield change model run the total number of animáis of the herd decreases because of the increased milk production per cow and the given quota. The área of permanent grassland decreases but the on-farm feed production of grass increases because of the assumed yield increase. The amount of silage maize sold increases because of the price increase. The share of grass in the diet increases and as a result the amount of concentrates also increases to fulfil the animáis energy requirements while respecting their intake capacity. The gross production decreases mainly because of the decrease in the price of milk. The total costs increase because of the higher input and feed prices and the increased feed requirements. As a result, the total gross margin decreases by almost 35%. The total nitrogen use remains almost the same in all dairy farm types of Flevoland.
In the set-aside & quota abolishment model run where the milk quota is abolished, the total number of animáis increases by 1.7% compared with the base year simulation and by almost 13% from the price-yield change model run. The increased feed requirements are covered by increasing purchases of concentrates and silage maize. The total gross margin increases by almost 16% from the total gross margin of the price -yield change model run while the total nitrogen use remained almost the same.
In production from grass to maize silage. The received premiums under the CAP reform of 2003 for dairy farms increase substantially, causing a modest increase of the farm's total gross margin. The regional average weighted results from the application of FSSIM to the arable farms of Midi-Pyrenees are presented in Fig. 5 . In the price-yield change model run, the predicted changes for 2013 of gross margins resulted in an increase of the áreas of soya, rape seed and silage maize and a decrease in the áreas of barley and peas. The average total gross margin of arable farms increases by 24%. The main reason for this is the large price increase of oil seed crops.
In the set-aside & quota abolishment model run the set-aside obligation of arable farms is abolished putting almost 70% of the set-aside área of the price-yield change model run into production. The set-aside land is allocated to all other crops. The intensification of production caused a large increase of the average total gross margin of arable farms but also a substantial increase of the total nitrogen use compared to the price-yield change model run.
The recalculation of subsidies according to the CAP reform of 2003 caused a large increase of the received subsidies for most crops. Exceptions are the subsidies for durum wheat and set-aside land, which decrease by 67 and 49%, respectively, causing a decrease of the average área of these activities. The total gross margin decreased by 1.5% compared with the set-aside & quota abolishment, model run and increased by 24% and 54% compared with the price-yield change model run and base year, respectively.
Regional average weighted results from the application of FSSIM to the dairy farms of Midi-Pyrenees are presented in Fig. 6 . Similar to the dairy farm of Flevoland, the produced feed reported in Fig. 6 corresponds to on-farm feed production that is used on-farm, excluding sold quantities of on-farm produced feed. In the price-yield change model run, the substantial increase of feeding costs and input prices; and the price decrease of milk caused a small decrease in the average herd size in Midi-Pyrenees. The área of permanent and temporary grasslands decreases and it is substituted mainly by silage maize and barley. On-farm produced grass and the more expensive purchased concentrates in this model run are substituted by cereals and silage maize to cover the animal's feed requirements. The gross margin decreases by 6%.
Abolishment of the milk quota policy in the set-aside & quota abolishment model run increases the average herd size back to the level of the base year. Labour availability becomes a binding constraint and therefore the number of animáis does not exceed the number of animáis observed in the base year. The grassland área increases compared to the price-yield change model run substituting the área with silage maize which is not fed to the animáis. In both Flevoland and Midi-Pyrenees it is expected that the yield of milk in 2013 will have increased with 19% and 22%, respectively, causing an increase in the animáis' feed requirements. To cover the additional requirements for feed, more grass silage and purchased concentrates are needed. Abolishment of the milk quota caused an increase to the farm's total gross margin.
The run. The decreased amount of barley fed to the animáis is compensated by purchased concentrates. A small amount of hired labour is needed to cover the additional labour requirements of maize. Water and nitrogen use remain almost the same in all model runs.
Discussion and conclusión
In this article, a bio-economic farm model has been presented that is modular and can be used to simúlate the responses of farms to agricultural and environmental policies in a broad range of contexts that may occur in the EU27. This was achieved by: (i) separating model and data and creating a consistent European datábase for farm types, their locations and production activities, (ii) designing the model in a modular way, that allows switching on and off modules, constraints or calibration methods, (iii) providing adequate documentation, and (iv) ensuring public availability. The arable and dairy farms of two regions that differ substantially from a bio-physical and socio-economic point of view were simulated successfully, using information mainly available in a large EU-wide datábase (i.e. FADN) and a relatively simple survey conducted within SEAMLESS for a sample of regions representative for the EU27. The PMP based calibration of FSSIM does not require additional region-specific knowledge and detailed information on specific constraints to guarantee exact calibration. Nevertheless, availability of this kind of information could be easily exploited and used to improve the forecasting performance of the model.
The market of land, possibilities for off-farm labour and structural changes are usually issues exogenous to the system definition of bio-economic farm models . This is how these issues were also treated in the model presented in this article, but we have indicated in Section 2 and 3 how they can be partially dealt with, using FSSIM and a scenario approach. To simúlate farm structural change and land markets more comprehensively FSSIM needs to be combined with other models that account for market and sector level changes, as has been attempted in the SEAMLESS modelling framework Zimmermann et al., 2009) .
In the present article we ¡Ilústrate the standalone valué of FSSIM using applications in two regions and different farming systems. The applications raise a number of discussion points because of a number of decisions concerning the set-up of the model. First, the presented applications were based on data available in the Farm Accountancy Data Network and a simple survey on agricultural management. This led to a restricted set of environmental indicators, i.e. the total amount of water used for irrigation, and the total amount of nitrogen used. This hinders a comprehensive overview of the environmental implications of the market liberalization under the CAP reform of 2003. The use of a bio-physical model to calcúlate technical coefficients that can easily be exploited in FSSIM would increase the number of environmental indicators and thus improve the overall assessment of the environmental impact of the tested scenario. However, this requires detailed agro-management data (timing and precise quantities of inputs per crop) that are not available in pan-European data-sets.
Second, we used an average farm type in our simulations to ensure that all important crop producís that are produced by farms of a specific farm type will be part of the simulated production plan. This is very important for the type of analysis that requires full representation of agricultural production to determine equilibrium between supply and demand, such as in SEAMLESS (Van Ittersum et al., 2008) . However, simulating the average farm has also important drawbacks. An average farm and an average farmer do not actually exist and consequently, an average activity pattern also does not exist. The activity pattern of the average farm is much more diversified than that of individual farms. Reproducing such a cropping pattern using an LP model would require a large number of binding constraints. It is possible that such constraints do not even exist in reality and consequently they are difficult to define (e.g. rotational constraints of an "average" production plan). In such cases, calibration of the LP model is necessary for reproducing the observed activity levéis and often calibration will domínate the simulations. It is possible that the impact of calibration on the results of the model would be reduced substantially if a number of individual farms were simulated instead of a single average farm. However, this would also have increased the computational requirements and individual farm data would have to be available which is usually not the case (individual farm data are usually confidential and not available for research). Finally, we assume a yield trend (based on forecasts of the sector model CAPRI) to represent technological innovation. However, the rapid changes in the socio-economic and the bio-physical environment might lead to a broader variety of alternative activities that will become available to farmers in the future with even completely different inputs and outputs. Such alternative activities cannot be ignored and should be taken into account in ex-ante evaluation of agricultural and environmental policies. Offering alternative activities in FSSIM is possible from a technical point of view. The difficulty is to identify a consistent and feasible set of alternative activities for all regions across the EU.
Apart from using our intuition to assess the model's forecasting performance, it is very difficult to evalúate the results in a quantitative and more objective way because they refer to future events and they use simulated data to account for price and yield trends. The quality of the results of FSSIM has been previously evaluated and assessed in ex-post experiments that demónstrate the capacity of the model to simúlate the future behaviour of the farmer (Kanellopoulos et al., 2010) . Even though, the results of such ex-post exercises cannot be generalized they do increase the confidence in the model's predictions.
A well calibrated and tested bio-economic farm model can be used for ex-ante assessment of the impacts of new policies. Different farming systems across EU can be affected in different ways and consequently farmers respond differently when they are confronted with market and policy changes. This was confirmed by the results presented in this article. For example, price and yield changes are the main factor explaining the gross margin decrease of farms in Flevoland. In Midi-Pyrenees, simulated price and yield changes have the opposite effect on the total gross margin of arable farms, and for this región the abolishment of obligatory set-aside has an additional positive effect on the total gross margin of arable farms. In Flevoland farms showed an increase in premiums under the CAP 2003 reform scenario, whereas in Midi-Pyrenees the CAP 2003 scenario did not further increase the already high level of premiums. The variation in farm's behaviour should be taken into account for efficient and effective policy assessment. Bio-economic modelling can be a useful tool for exploring this variation.
FSSIM has been set-up such that it can readily simúlate farm types in very different contexts (climate, soils and socio-economic conditions) and for different purposes. The presented examples in this paper show a fairly detailed analysis for the farm types of two regions. The reusability of the model was confirmed by the significant number of applications that have been published (Louhichi et al., 2008 Kanellopoulos et al., 2009; Majewski et al., 2009; Mouratiadou et al., 2010; Traoré et al., 2009 ). Pérez Domín-guez et al. (2009) show how results of the model can be used for linking micro and macro level analysis of market changes. The model is available under an Open Source license (www.seamlessassociation.org) and through its broader use it can be further tested and new modules can be added.
